Electron impact (El) mass spectrometry has developped into an important tool for configurational assignments in epimeric molecules as is impressingly demonstrated by the ever increasing number of investigations dealing with correlations between stereochemistry and E l induced mass spectral be haviour4. In this context special attention has been devoted to the differentiation of the methylethers5 or the trimethylsilyl (TMS) ethers6 of epimeric 1,3-and 1,4-cyclic (or bicyclic) diols. The stereochem istry of the silylethers for instance can readily be determined by means of the abundance of the (CH3)2Si=0-Si(CH3)3 rearrangement ion (m/e = 147) which is largest for the cis isomers7. In contrast to their positional isomers, epimeric 1,2-cyclopentane diols8 and l,2-cyclohexanediols5a>9 yield closely simi lar E l spectra, which was attributed to the ready a-cleavage of the C1-C2 bond yielding acyclic mole cular ions in which the stereochemistry is destroyed. We found a similar lack of stereochemical effects in the E l spectra of 1,2-cyclohexanediol bis-TMS ethers l t and 2t (see Fig. 1 ) and also in the helium Table I 
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The application of this proton bridging to the identification of epimeric diols 3-10 may however + be compromised by the tendency of O-H-O bonds to be linear17. As a result only a small amount of proton bridging is expected to occur in cyclic cis-1.2-diols and the Cl spectra of epimeric cyclic 1,2-diols may therefore tend to be less different than the spectra of their 1,3-or 1,4-analogs: cis-and trans-1.2-cyclohexanediol for instance have quite similar Cl spectra160. Fortunately this similarity is partly due to conformational flipping of the cyclohexane ring providing additional destabilization of the pro ton bridge, as is evidenced by the appreciable diffe rences occurring in the methane Cl spectra (Fig. 1) of the two 1,2-cyclohexanediol bis-TMS ethers It and 2t. Transformation of the OH functions into the bulky OTMS groups apparently sufficiently reduces the conformational flexibility to promote quasi mole cular ion production from the cis isomer 2t. It was therefore concluded that configurational effects were most likely to be found in the Cl spectra of the bis-TMS ethers (3t-10t) of diols 3-10, rather than in the spectra of the diols, even though the CI-spectra of the parent cis-and £raws-l,2-cyclopentanediols are reported to yield appreciably different Cl spec tra160.
The isobutane C I spectra of the bis-TMS ethers 3t-10t are summarized in Table II . The fragmenta tion of the quasi molecular ions MH+ essentially occurs by successive loss of the two silylether functions as TMSOH: such a protonation-elimina tion sequence is typical for the C l behaviour of molecules with polar functions14. As expected (vide supra) the cis compounds 3t-6t are readily recog nized by their quasi molecular ion abundances. (Table II) The data (Table II) on the four cis-diol derivatives 3t-6t also allow some correlations to be made con cerning the stereochemistry at C 3 and C 4 . Apparently the occurrence of a C 4 methyl group cis to the proton bridged ci's-diol system has a destabilizing effect19 on the proton bridge and renders the MH+ ions more prone to decomposition. As a result the MH+ yield from 3t and 6t is reduced relative to 4t and 5t. Further distinction between 3t and 6t is possible as the distribution of the product ion abun dances over (MH-TMSOH)+ and (MH-2TMSOH)+ is entirely different. This can be rationalized by assuming that the even electron (MH-TMSOH)+ ions, in analogy to thermal eliminations, will undergo loss of a second TMSOH molecule in a 1,2-fashion if correctly positioned (i. e. cis) hydrogens are available. As can be seen in Scheme 3, the (MH-TMSOH)+ ions21 from 6t not only have one more hydrogen available, but this hydrogen also is a tertiary hydro gen and is therefore more readily abstracted. More over elimination of this tertiary hydrogen results in a more stable (MH-2TMSOH)+ ion. The combined action of both hydrogen availability and product ion stability evidently results in a larger yield of (MH-2TMSOH)+ ions from 6t.
The data on the four tran s-diol bis-TMS ethers 7t-10t unfortunately are entirely devoid of stereo chemical effects. Apparently the decomposition of the trans quasi molecular ions, initiated by neigh boring group participation, occurs to such an ex- In an attempt to resolve the ambiguities22 left in the 3t-10t isobutane CI spectra, we decided to run the CI isobutane spectra of the corresponding diacetates 3a-10a of diols 3-10. This choice was partly motivated by the fact that a-functionalized acetates of trans configuration (Scheme 4) have been known23 to yield stable 1,3-dioxolenium ions type b. In comparison to the oxiranium ions a produced by SNi-reaction subsequent (see Scheme 2) to CI of trans bis-TMS ethers 7t-10t,the se 1,3-dioxolenium ions type b obtained from trans diace tates 7a-10a are much more stable. Consequently their expected intermediacy in the CI induced de composition of 7a-10a should result in a reduced degree of decomposition (relative to 7t-10t) as well as a greater probability for the operation of stereo chemical effects.
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A second incentive for the selection of the di acetate derivatives stems from an analysis of their quasi molecular ion structures. Indeed, depending on the actual site of protonation24 and bearing in mind that proton bridging can occur in diace tates15e, three types (C 1 -C 3 ) of possible protonation products are to be considered:
A Of these the more rigid ions type C i will be only of minor importance, the bulk of the MH+ ions being of types C2 and C3 in which more flexible rings are created by the proton bridges. In quasi molecu lar ions of these two types the proton bridge stability should be comparable for both cis and trans ring junctions (i.e. cis and trans precursors, re spectively). As a result, trans diacetate (7a-10a) quasi molecular ions once more (vide supra) should exhibit decreased decomposition relative to their bis-TMS analogs (7t-10t).
The combined effect of (MH-HOAc)+ ion sta bilization and proton bridging in the trans quasi molecular ions can be observed in Table I Table II) .
Differentiation of cis and trans diacetates is pos sible through the R* ratios (see Table III ) which are larger for the trans compounds. This reflects the different decomposition mechanisms of their quasi molecular ions, the trans isomers (see Scheme 4) undergoing anchimeric assistance (yielding stable 1,3-dioxolenium ions) and the cis isomers loosing a molecule of acetic acid by an Ei-type process (Scheme 5). Indeed, the Ei-type process for cis diacetates is the cause of (i) a higher activation energy for loss of AcOH from their quasi molecular ions, (ii) more excess energy in the resulting 1,3-dioxole nium ion, and (iii) a larger extent of decomposition of these ions relative to their analogs from trans diacetates. Hence the decreased Rf ratio for 3a-6 a relative to 7a-10a (Table III) . In contrast to the corresponding TMS ethers, cis diacetates 3a-6 a do not show a C4 methyl effect (vide supra) on the [MH]+ abundances. This could have been expected from the larger ring sizes involved in the proton bridges (see structures C1 -C 3 ) and the resulting larger distance between those bridges and the C4 methyl groups. The four cis diacetates 3a-6 a can however be distinguished by means of their R^ ratios (i = 3-6, Table III), which reflect the hydrogen availability (vide supra) in ions type b, the stability of the (MH-2HOAc)+ product ions and also the stability of the (MH-HOAc)+ intermediates. Of these the first two factors are essentially responsible for the degree of T able II I . Isobutane CI spectra o f 3a-1 0 a*. fragmentation of the (MH-HOAc)+ ions from 3a-6a. reduced influence (see and Rg) because of the Indeed, not only do 5a and 6 a have an additional, operation of the other controlling factors (vide tertiary hydrogen available (Scheme 6 ) for absupra). The slight decrease of dioxolenium ion straction in a second loss of HOAc, but these stability due to the C4 methyl being cis to the compounds also yield a more stable product dioxolenium ring in the case of 6 a however still is (MH-2HOAc)+. As a result increased yields of this reflected in Rg being smaller than R5 . terminal product are observed: R | and Rg are As far as the trans diacetates 7a-10a are concerned, indeed decreased relative to Rg and R4. The these can be subdivided into two subsets: 7a-f 9 a operation of the remaining factor is only clearly and 8 a-f 10a. The two compounds of each subset do revealed when the other two effects are of moderate indeed produce the same 1,3-dioxolenium ion26 as importance (as in 3a and 4a): dioxolenium ions shown in Scheme 7. It can be easily verified produced from 3a are subject to more strain and that in these two subsets 9a and 10a are the more consequently decompose more readily, as revealed strained molecules. Upon Cl induced loss of by the decrease of R3 relative to R4. In the case acetic acid from the quasi molecular ions, largest of 5a and 6 a the dioxolenium stability only exerts a relief of strain will occur for 9a and 10a relative o : to 7a and 8a, respectively. As a result the (MH-HOAc)+ ions from 9a and 10a will be produced with larger internal energy than upon their forma tion from 7a and 8a, respectively. Consequently more extensive decomposition to (MH-2HOAc)+ occurs for 9a and 10a, as is reflected in the lower values for R | and R^0 relative to R? and R |, respectiv ely (see Table III 
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Conclusions
From the preceding analysis it appears that stereochemical inferences are possible in the iso butane chemical ionization spectra of 3,4-dimethyl -1,2-cyclopentanediol bis-TMS ethers (3t-10t) or the corresponding diacetates (3a-10a). The silylethers are less suited for identification of all eight epimers as the trans diol derivatives (7t-10t) yield undistinguishable spectra. Moreover, in the cis diol deriva tives only two epimers can be unequivocally identi fied (3t and 6t). Finally, the trans silylether spectra lack detectable quasi molecular ions.
Far better results are obtained when the dia cetates are used. Not only do the trans compounds (7a-10a) now yield abundant quasi molecular ions, but they also yield sufficiently different spectra to allow unequivocal assignment of their stereochem istry. This is also the case for the four cis diacetates (3a-6 a) which can also readily be identified (see Table III ).
Experimental
The parent diols used in this study have been prepared from cis-and imn.s-3,4-dimethylcyclopentene through osmiumtetroxide27 and peracid28 dihydroxylation. The resulting mixtures of two iso mers each have been separated as diacetates and were identified by aH NMR spectroscopy29. Trimethylsilylation was carried out by reacting 1 mg of the free diol mixture in 0. 
